
ABSTRACT

Untreated human epidermal growth factor receptor-2 (HER-
2)-positive advanced breast cancer (ABC) is an aggressive dis-
ease, associated with a poor prognosis and short overall
survival. HER-2-directed therapy prolongs both time to dis-
ease progression and overall survival when combined with
chemotherapy andhas become the standardof care for those
with HER-2-positive breast cancer in the early and advanced
settings. Despite the remarkable therapeutic impact HER-2-
directed therapyhashadondiseaseoutcomes, somepatients

with HER-2-positive disease will have primary resistant dis-
ease and others will respond initially but will eventually have
progression, underscoring theneed for other novel therapeu-
tic options. This article reviews recent phase III trial data and
discusses a practical approach to sequencing of HER-2-di-
rected therapy inpatientswithHER-2-positiveABC.Thesignif-
icant cumulative survival gains seen in these trials are slowly
reshaping the landscapeofHER-2-positiveABCoutcomes.The
Oncologist2013;18:1153–1166

Implications for Practice: HER-2-directed therapy remains one of most promising areas of development in themanagement of
advanced breast cancer (ABC). Results of eight trials investigating newHER-2-directed therapy regimens have been published or
presented since 2012.Multiple HER-2-directed therapies have demonstrated significant and clinicallymeaningful survival bene-
fits in the treatment of HER-2-positive ABC, including pertuzumab-combinations, trastuzumab-lapatinib combinations, and the
antibody-cytotoxic conjugate, trastuzumab-emtansine.With the increased number of HER-2-directed therapy options, optimal
sequencing of these regimens acrossmultiple lines of therapy is integral to providing thebest possible care for our patients. Con-
sideration should also be given tomanagement of central nervous systemmetastases and ensuring cardiac safety.

INTRODUCTION

Breast cancer (BC) is the leadingcauseof cancer-relateddeath
among women worldwide, with an estimated 1,383,500 new
cases and458,400deaths in 2008 [1]. Approximately 6%–10%
of patients havemetastatic disease at diagnosis and systemic
recurrence develops in approximately 25%–30% of patients
treatedwith curative intent [2, 3]. Amplificationof thehuman
epidermal growth factor receptor (HER) 2 gene (HER-2) is ob-
served in 15%–20% of all BCs [4, 5], and in the era prior to the
availability of HER-2-directed therapy, patients with HER-2-
positive tumors were observed to have more aggressive dis-
ease, poorer prognosis, and shorter overall survival (OS)
comparedwith other subgroups [6, 7].

In 1998, trastuzumab was approved for use, either alone
or in combination with paclitaxel, in the treatment of meta-
static HER-2-positive disease [8] based on results of the piv-

otal trials by Slamon et al. [9, 10]. Outcomes of theM77001
trial subsequently confirmed these findings [11], leading to
the establishment of trastuzumab-taxane therapies in the
first-line metastatic disease setting [12, 13]. In 2007, lapa-
tinib, a small-molecule dual (HER-1 and HER-2) tyrosine ki-
nase inhibitor, plus capecitabine was approved for use in
trastuzumab-resistant patients [14, 15]. Trial outcomes
from the GBG26 trial established the use of trastuzumab
therapy beyond progression on trastuzumab-based treat-
ment [16–18].

HER-2-directed therapeutic approaches continue to
evolve.Earlydatahaveshownactivitywiththefollowing:HER-
2-directed and endocrine therapy for patients who have both
HER-2-positive and hormone receptor-positive (co-positive)
disease [19–25], dualHER-2-blockade in theneoadjuvant and
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metastatic settings [26–32], the addition of other biologics to
HER-2-directed therapy [33–35], and antibody–drug conju-
gates [36, 37]. Findings from phase III trials evaluating these
and other concepts are expanding available treatment op-
tions forpatientswithHER-2-positiveadvancedBC(ABC).Trial
data will be reviewed and provide context for discussion of
practical clinical issues and guidance on the management of
HER-2-positive ABC.

METHODS
PubMed articles (to January 25, 2013) and the proceedings of
the annual meeting of the American Society of Clinical Oncol-
ogy, the San Antonio Breast Cancer Symposium, and the An-
nual Congress of the European Society for Medical Oncology
(2011–2012) were searched for phase III clinical trials involv-
ing HER-2-directed therapies in HER-2-positive ABC, using the
key search terms or aliases “HER-2,” “advanced breast can-
cer,” and “phase III clinical trials” (n � 19) (Fig. 1). Data were
collected from themost up-to-date published or conference-
presented source(s).

Findings

First-Line Trials of HER-2-Directed and Endocrine
Therapy for HER-2/Hormone Receptor Co-Positive ABC
Three phase III trials have investigated the addition of HER-2-
directed agents to standard endocrine therapy [38–41]. The
larger TAnDEM trial (n � 208) [40] and the smaller eLEcTRA
[38] trial (n � 57), which was halted because of low accrual,
evaluatedtheadditionof trastuzumabtononsteroidalaroma-
tase inhibitors (NSAIs) as first-line treatment for patientswith
HER-2/hormone receptor co-positive ABC (Table 1). At the
time of final analysis, patients on the trastuzumab arm of the
TAnDEM trial experienced a significant improvement in me-
dian progression-free survival (PFS) (4.8 months vs. 2.4
months; hazard ratio [HR] � 0.63; 95% confidence interval
[CI] � 0.47–0.84; p � .0016) (Table 1) and those on the
eLEcTRAtrial experienceda trend towardan improved timeto
progression (14.1monthsvs. 3.3months;HR�0.67;95%CI�
0.35–1.29; p� .23) (Table 1). No significant differences in OS
were reportedwhen trastuzumabwas added toNSAI therapy
in either study (TAnDEM: 28.5 months vs. 23.9 months, p �
.325;eLEcTRA:datanot reported).Overall, the regimenswere
well tolerated, with an increase in adverse events (AEs) in the
combination arm of each trial (TAnDEM and eLEcTRA, all-
grade AEs: 87% vs. 65% and 96% vs. 71%, respectively;
TAnDEM, grade 3 AEs: 23% vs. 15%, grade 4 AEs: 5% vs. 1%)
comparedwith NSAIs alone.

The EGF30008 trial [39, 41], a multicenter, double-blind,
placebo-controlled phase III study, evaluated the addition
of lapatinib to NSAI therapy for first-line HER-2/hormone
receptor co-positive ABC. Patients (n � 219) were ran-
domly assigned to letrozole (2.5 mg) with or without lapa-
tinib (1,500 mg), which was continued until disease
progression. The primary endpoint was investigator-as-
sessed PFS. After a median follow-up of 1.8 years, patients
on the lapatinib–letrozole arm experienced a significant
prolongation in median PFS (8.2 months vs. 3.0 months;
HR � 0.71; 95% CI � 0.53–0.96; p � .019) (Table 1) but no
improvement in median OS (33.3 months vs. 32.3 months;
HR � 0.74; 95% CI � 0.5–1.1; p � .113) compared with the

placebo–letrozole arm. The lapatinib–letrozole combina-
tion resulted inmore serious AEs overall (8% vs. 4%) and in-
creases in all-grade diarrhea and rash compared with
placebo–letrozole (p � .05).

The overall benefit of adding pertuzumab to trastuzumab
plusdocetaxel in theCLEOPATRA trial extended to the co-pos-
itive cohort [30]. These trials support HER-2-directed therapy
in combination with NSAIs as an appropriate chemotherapy-
free treatment option for select patients with co-positive dis-
ease.

First-Line Trials of HER-2-Directed Therapy for
HER-2-Positive ABC

Chemotherapy Companions to HER-2-Directed Therapy
Four other first-line trials have evaluated alternate chemo-
therapy companions for first-line disease; two investigated
theadditionof carboplatin to taxanes [42,43]and twostudied
theuseof vinorelbine comparedwith taxanes [44, 45]. Adding
carboplatin did not improve survival compared with controls
in either trial (medianOS: HR� 0.9; 95%CI� 0.88–0.92; p�
.76 [42]; BCIRG 007, HR� 1.015; 95% CI� 0.759–1.358; p�
.99) (Table 2) andwas associatedwith increased rates of neu-
tropeniaandgrade3 thrombocytopenia inboth trials.Neither
theHERNATAnor theTRAVIOTAphase III trials, evaluating the
substitution of vinorelbine for docetaxel in combination with
trastuzumab, showed significant improvement in survival
(HERNATA, median OS: 38.8 months vs. 35.7 months; HR �
1.01; 95%CI�0.71–1.42;p� .98).OSdatawerenot reported
for the TRAVIOTA trial (Table 2) [44, 45]. The combination of
vinorelbine plus trastuzumab, however, was better tolerated
than docetaxel plus trastuzumab in the HERNATA trial. Find-
ings from these trials demonstrated that taxane–carboplatin
plus trastuzumab combinations had limited clinical utility ex-
cept in patients with good performance status requiring in-
creased initial disease response. These trials also showed that
vinorelbine plus trastuzumab was effective and better toler-
ated thandocetaxel plus trastuzumab regimens, although the
relative benefit of this regimen compared with weekly pacli-
taxel plus trastuzumab remains unclear.

In some centers, trastuzumab monotherapy is approved
for use as first-line treatment [46, 47]. The open label, multi-
center, phase III JO17360 trial evaluated delayed chemother-
apy until first progression on trastuzumab and compared
trastuzumabmonotherapy followedby docetaxel plus trastu-
zumabwithupfrontdocetaxelplus trastuzumab inHER-2-pos-
itive ABC [48]. The trial was stopped early because of
decreased PFS (median: 14.6 months vs. 3.7 months; HR �
4.24; 95% CI � 2.48–7.24; p � .01) (Table 2) and OS (HR �
2.72; 95%CI� 1.03–7.18; p� .04) in the delayed chemother-
apycompanionarm,confirmingthebenefitofupfrontchemo-
therapy companion use in first-line disease.

SecondGeneration HER-2-Directed Therapy
In the EGF104535 study, 444 Asian women with HER-2-posi-
tive ABC were randomly assigned to weekly paclitaxel (six cy-
clesofpaclitaxel80mg/m2weekly for threeoutof fourweeks)
pluseither lapatinib (1,500mgdaily)orplacebo.Thetrialdem-
onstrated that the addition of lapatinib to paclitaxel resulted
in a significant improvement in the primary endpoint of OS
(median, 27.8 months vs. 20.5 months; HR � 0.74; 95% CI �
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0.58–0.94; p � .0124) (Table 3) as well as PFS (median, 9.7
months vs. 6.5 months; HR � 0.52; 95% CI � 0.42–0.64;
p � .001) [49]. The combination arm was associated with
higher rates of grade 3/4 diarrhea (20% vs. 1%), despite ag-
gressivemanagement, and neutropenia.

The international phase III NCICCTGMA.31/EGF108919
trial randomly assigned 652 patients with HER-2-positive
ABC to lapatinib 1,250 mg daily plus taxane chemotherapy
(six cycles of paclitaxel 80 mg/m2 weekly for three out of
four weeks or eight cycles of docetaxel 75 mg/m2 every
threeweeks) followed by lapatinibmonotherapy (1,500mg
daily) until progression or trastuzumab (4 mg/kg loading
dose then 2mg/kgweekly or 6mg/kg every threeweeks for
first 24 weeks) plus taxane chemotherapy followed by tras-
tuzumab monotherapy (6 mg/kg every three weeks) until
progression [50]. The primary endpoint was PFS. Baseline
patient and disease characteristics were well balanced
across treatment arms, with a minority of patients having
prior adjuvant HER-2-directed therapy (18% in both arms).

At the event-driven interim analysis, with a median fol-
low-up of 13.6 months, patients on the lapatinib arm (n �
318) experienced a significantly shorter median PFS (8.8
months vs. 11.4 months; HR � 1.33; 95% CI � 1.06–1.67;
p � .01) (Table 3) and comparable OS (HR � 1.1; 95% CI �
0.75–1.61; p � .62) compared with the trastuzumab-con-
taining regimens (n � 318) [50]. Lapatinib was associated
with higher rates of treatment discontinuation caused by
toxicity (17.8% vs. 10.6%), and grade 3/4 diarrhea and rash
(19.3% vs. 1.3% and 8.9% vs. 0.3%; p � .001), but fewer re-
ductions in left ventricular ejection fraction (decrease of
�20%at 36weeks, 0% vs. 2%). The final analysis and correl-
ative translational studies are pending. However, these ini-
tial results suggest that lapatinib plus taxane therapy
should generally not be considered standard first-line ther-
apy. Findings from this trial confirm results from the CER-
EBEL [51] and NEO-ALTTO trials [26] and suggest improved
outcomes with trastuzumab-based chemotherapy combi-
nations.

Figure 1. Preferred reporting items for systematic reviews andmeta-analyses diagramof eligible HER-2–directed therapy trials.
aPubMed “Phase III” filter used forMEDLINE-indexed records.
Abbreviations: ABC, advanced breast cancer; ASCO, American Society of Clinical Oncology; BC, breast cancer, ESMO, European

Society for Medical Oncology; HER-2, human epidermal growth factor receptor 2; SABCS, San Antonio Breast Cancer Symposium.
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Dual HER-2 Blockade
Pertuzumab is a HER-2-directed humanizedmonoclonal anti-
body that inhibits heterodimerization, specifically that associ-
ated with HER-2–HER-3 dimerization [52]. When combined
with chemotherapy, dual HER-2 inhibition with pertuzumab–
trastuzumab was more active than single HER-2 inhibition
with either pertuzumab or trastuzumab [27]. The double-
blind, placebo-controlled, phase III CLEOPATRA trial evalu-
ated the efficacy and safety of docetaxel in combination with
pertuzumab–trastuzumabcomparedwith trastuzumabalone
as first-line therapy for patientswithHER-2-positive ABC [30].
All 808patientswere treatedwith trastuzumab(8mg/kg load-
ing dose then 6 mg/kg every three weeks) plus docetaxel (75
mg/m2 every three weeks for six cycles), and half of patients
were randomly assigned to also receive either pertuzumab
(840 mg loading dose then 420 mg every three weeks) or a
matchingplacebo.HER-2-directed therapywas continuedun-

til disease progression. The primary endpoint was indepen-
dently assessed PFS. Disease characteristics were well
balanced between treatment arms; a total of 53% of the pa-
tients enrolled in this trial had not received prior chemother-
apy and approximately 89% had not received prior
trastuzumab. At a median follow-up of 19.3 months, median
PFS was 6.1 months longer for patients on the pertuzumab
armcomparedwiththoseontheplaceboarm(18.5monthsvs.
12.4months;HR�0.62;95%CI�0.51–0.75;p� .001) (Table
3). The PFS benefit was consistent across all predefined sub-
groups, includingpatientswhohad receivedprior chemother-
apy with or without trastuzumab (HR� 0.62; 95% CI� 0.35–
1.07 and HR � 0.60; 95% CI � 0.43–0.83, respectively) and
those who had both hormone receptor-positive (HR � 0.72;
95% CI � 0.55–0.95) (Table 1) and hormone receptor-nega-
tive (HR�0.55; 95%CI�0.42–0.72) disease. At amedian fol-
low-up of 30 months, the updated analysis also confirmed a

Table 1. First-line phase III trials of HER-2-directed therapy in HER-2/hormone receptor co-positive advanced breast cancer

Trial Treatment arms n
Median age
(years) �range�

Median follow-up
(months) �range�

ORR (%)
�95%CI�

Median PFS
(months)
HR �95%CI�

MedianOS
(months)
HR �95%CI�

Kaufman (2009) �40�
TAnDEM
Phase III

Anastrozole 1mg/day,
Trastuzumab loading dose
4mg/kg on day 1, then
2mg/kgweekly until PD

103 56
�31–85�

NA 20.3a
(p� .018)

4.8b
0.63
�0.47–0.84�
(p� .0016)

28.5
(p� .325)

Anastrozole 1mg/day
until PDc

104 54
�27–77�

NA 6.8a 2.4b 23.9

Huober (2012) �38�
eLEcTRA
Phase IIId

Letrozole 2.5mg/day,
Trastuzumab loading dose
4mg/kg on day 1, then 2
mg/kgweeklye
until PD

26 61.5
�39–87�

NA 27
(p� .3124)

14.1f
0.67
�0.35–1.29 �
(p� 0.23)

NAg

Letrozole 2.5mg/day until
PD

31 61
�47–88�

NA 13 3.3f NAg

Johnston (2009) �39�
EGF30008
Phase III HER-2-positive
cohorth

Letrozole 2.5mg/day,
Lapatinib 1,500mg/day
until PD

111 60
�44–85�

21.6 28
(p� .021)

8.2
0.71
�0.53–0.96�
(p� .019)

33.3
0.74
�0.5–1.1�
(p� .113)

Letrozole 2.5mg/day
Lapatinib placebo until PD

108 59
�45–87�

21.6 15 3.0 32.3

Baselga (2012) �30�
CLEOPATRA/TOC4129g
Phase III subgroup

Pertuzumab 840mg
loading dose, then 420mg
every 3weeks until PD
Trastuzumab 8mg/kg
loading dose, then 6mg/
kg every 3weeks until PD
Docetaxel 75mg/m2 every
3weeks for 6 cyclesi

189 NAj NAj NAj NA
0.72
�0.55–0.95�

NAj

Placebo 840mg loading
dose, then 420mg every 3
weeks until PD
Trastuzumab 8mg/kg
loading dose, then 6mg/
kg every 3weeks until PD
Docetaxel 75mg/m2 every
3weeks for 6 cyclesi

199 NAj NAj NAj NA NAj

Verma (2012) �64, 65� EMILIA
Phase III subgroupk

T-DM1 3.6mg/kg every 3
weeks until PD

282 NAj NAj NAj 9.0
0.72
�0.58–0.91�

31.9
0.62
�0.46–0.85�

Lapatinib 1,250mg/day
Capecitabine 1,000mg/
m2 twice a day on days
1 –14 for 3weeks until PD

263 NAj NAj NAj 7.1 25.3

aPopulation evaluable for response: anastrozole n� 73; anastrozole plus trastuzumab n� 74.
bIntegrated investigator and blinded response evaluation committee assessments whichwere reconciled by an independent oncologist.
cCrossover to the trastuzumab plus anastrozole armwas allowed after disease progression.
dData for the cohort of patients with HER-2–negative disease receiving single-agent letrozolewas not included.
eAs ofMay 2005, trastuzumab dosed at 6mg/kg (after a loading dose of 8mg/kg) could be given every 3weeks.
fTime to progressionwas defined as the interval between the date of randomization/start of treatment and the earliest date of progression, or of
death caused by the underlying breast cancer, or of death from a cause thought to be connected to the underlying disease.
gAuthors report no significant differences inmedian.
hTherapywas randomly assignedwithin patient cohort.
iRecommendedminimumnumber of cycles.
jOverall population data reported in Table 3.
kPatients in this subgroup span different lines of treatment, from first to third or higher.
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not available; ORR, objective response rate; OS, overall survival; PD, progressive
disease; PFS, progression-free survival.
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significant increase in OS in the pertuzumab arm (median
OS: not yet reached vs. 37.6 months; HR � 0.66; 95% CI �
0.52–0.84; p � .0008) compared with the control arm [31].
Treatment discontinuation because of AEs was comparable
across arms (6.1% vs. 5.3%) [53]. Grade 3/4 febrile neutrope-
nia and diarrhea occurredmore often in the pertuzumab arm
(13.8% vs. 7.6% and 7.9% vs. 5.0%, respectively), and left ven-
tricular systolic dysfunction was less frequently reported in
the pertuzumab-treated group (all grades: 4.4% vs. 8.3%;
grade 3/4: 1.2% vs. 2.8%) [54]. The median time to symptom
progression basedon the Trial Outcome Index-Physical/Func-
tional/Breast composite score of the Functional Assessment
of Cancer Therapy–Breastwas similar across pertuzumab and
placeboarms (18.4weeksvs. 18.3weeks;HR�0.97;95%CI�
0.81–1.16; p � .7161) [55]. This study confirms that dual
HER-2 blockade is both effective and safe. Although there is
some indicationofbenefit ofweeklypaclitaxel in combination
with pertuzumab and trastuzumab [56], themerits of chemo-

therapy companionsother thandocetaxel for dualHER-2 inhi-
bition remain unclear. Ongoing trials investigating alternative
chemotherapies may prove helpful in identifying chemother-
apypartners,aswellasproviding furtherevidencefor theben-
efits of this regimen in patients receiving prior chemotherapy
and trastuzumab [56–58].

Companion Biologics to HER-2-Directed Therapy
Two trials evaluated the benefits of adding bevacizumab, a
monoclonal antibody directed against the vascular endo-
thelial growth factor, toHER-2-directed therapy in first-line
ABC. At a median follow-up of approximately 26 months,
the phase III AVEREL trial (n � 424) failed to show a signifi-
cant improvement in either the primary endpoint of inves-
tigator-assessed PFS (median: 13.7 months vs. 16.5
months; HR � 0.82; 95% CI � 0.65–1.02; p � .0775) (Table
4) or OS (HR � 1.01; 95% CI � 0.74–1.38; p � .9543) with
the addition of bevacizumab (15 mg/kg every three weeks)

Table 2. Phase III trials of chemotherapy companions to HER-2-directed therapy in HER-2-positive advanced breast cancer

Trial Treatment arms n
Median age (years)
[range]

Median follow-up
(months) [range]

ORR (%)
[95%CI]

Median PFS
(months)
HR [95%CI]

MedianOS
(months)
HR [95%CI]

Andersson (2011) �44�HERNATA
Phase III

Vinorelbine 30 or 35mg/m2 on days
1 and 8 every 3weeks until PD
Trastuzumab 8mg/kg loading dose,
then 6mg/kg every 3weeks until
PD

141 57
�29–72�

34a 59.3
(p� 1.00)

15.3b
0.94
�0.71–1.25�
(p� .67)

38.8
1.01
�0.71–1.42�
(p� .98)

Docetaxel 100mg/m2 every
3weeks until PD
Trastuzumab 8mg/kg loading dose,
then 6mg/kg every 3weeks until
PD

143 56
�33–72�

34a 59.3 12.4b 35.7

Burstein (2007) �45� TRAVIOTA
Phase III

Vinorelbine 25mg/m2weekly
Trastuzumab 4mg/kg loading dose,
then 2mg/kgweekly until PD

41 55
�36–79�

NA 51
�35–67�
(p� .37)

8.5
(p� .09)

NA

Paclitaxel 80mg/m2weekly or
paclitaxel 175mg/m2plus
carboplatin AUC� 6 every 3weeks
or Docetaxel 80mg/m2 on days
1–7 every 8weeks Trastuzumab
4mg/kg loading dose, then 2mg/kg
weekly until PD

40 50
�37–83�

NA 40
�25–57�

6.0 NA

Robert (2006) �42�
Phase III

Carboplatin AUC� 6
Paclitaxel 175mg/m2 every 3weeks
for 6 cycles Trastuzumab
4mg/kg loading dose, then 2mg/kg
weekly until PD

98 55
�35–81�

NA 52
(p� .04)

10.7
0.66
�0.50–0.73�
(p� .03)

35.7
0.90
�0.88–0.92�
(p� .76)

Paclitaxel 175mg/m2, every
3weeks for 6 cycles
Trastuzumab 4mg/kg loading dose,
then 2mg/kgweekly until PD

98 56
�33–83�

NA 36 7.1 32.2

Valero (2011) �43� BCIRG 007
Phase III

Carboplatin AUC� 6 every 3weeks
for 8 cycles Docetaxel 75mg/m2

weekly every 3weeks for
8 cycles Trastuzumab 4mg/kg
loading dose, then 2mg/kg
on days 1, 8, and 15 every
3weeks for 8 cycles then 6mg/kg
every 3weeks until PD

132 51 NA 72
(p� .97)

10.4b
0.914
�0.694–1.203�
(p� .57)

37.4
1.015
�0.759–1.358�
(p� .99)

Docetaxel 100mg/m2 every 3
weeks for
8 cycles Trastuzumab 4mg/kg
loading dose,
then 2mg/kg on days 1, 8, and 15
every 3weeks for 8 cycles, then 6
mg/kg every 3weeks until PD

131 52 NA 72 11.1b 37.1

Inoue (2010) �48�
JO17360
Phase III

Trastuzumab loading dose 4mg/kg
then 2mg/kg everyweek until PD
followed by trastuzumab loading
dose 4mg/kg then 2mg/kg every
week plus docetaxel 60mg/m2

every 3weeks

54 57.5
�32–83�

NA 14.8c
�6.6–27.1�

3.7c NYR

Trastuzumab loading dose 4mg/kg
then 2mg/kg everyweek
Docetaxel 60mg/m2 every 3weeks

53 54.3
�31–80�

NA 67.9c
�53.7–80.1�

14.6c
4.24
�2.48–7.24�
(p� .01)

NYR
2.72
�1.03–7.18�
(p� .04)

aPotential follow-up time.
bTime to progression.
cOutcomes for the trastuzumabmonotherapy stage (i.e., prior to first progression).
Abbreviations: AUC, area under the curve; CI, confidence interval; HR, hazard ratio; NA, not available; NYR, not yet reached; ORR, objective
response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival.
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Table 3. Recent phase III trials of HER-2-directed therapy in HER-2-positive advanced breast cancer

Trial Treatment arms n

Fraction first-line
and anti-HER-2
pretreated

Median age
(years)
[range]

Median follow-up
(months) [range] ORR (%) [95%CI]

Median PFS
(months)
HR [95%CI]

MedianOS
(months)
HR [95%CI]

First-line

Guan et al. (2013) �49� EGF104535
Phase III

Paclitaxel 80mg/m2

weekly 3 out of 4weeks
for 6 cycles
Lapatinib 1,500mg/day
until PD

222 100%
0%

50.0
�25–74�

NA 69 �62.9–75.4�
(p� .001)

9.7
0.52 �0.42–0.64�
(p� .001)

27.8
0.74 �0.58–0.94�
(p� .0124)

Paclitaxel 80mg/m2

weekly 3 out of 4weeks
for 6 cycles
Placebo until PDa

222 100%
2%

50.5
�26–73�

NA 50 �42.8–56.3� 6.5 20.5

Gelmon et al. (2012) �50�
NCICCTGMA.31/GSK EGF 108919
Phase III
(interim)

Paclitaxel 80mg/m2

weekly 3 out of 4weeks
for 6 cycles or docetaxel
75mg/m2 every 3weeks
for 8 cycles Lapatinib
1,250mg every day
duringweeks
1–24, then 1,500mg
every day until
PD

318 100%
18%

55.4 �27–87� 12.9
�NA�

NA 8.8 �30b

Paclitaxel 80mg/m2

weekly 3 out of 4weeks
for 6 cycles or docetaxel
75mg/m2 every 3weeks
for 8 cycles Trastuzumab
loading dose, then 2mg/
kg everyweek or
6mg/kg every 3weeks
for weeks 1–24,
then 6mg/kg every 3
weeks until PD

318 100%
18%

54.1 �29–84� 14.0
�NA�

NA 11.4
1.33
�1.06–1.67�
(p� .01)

�31b
1.1
�0.75–1.61�
(p� .62)

Baselga et al. (2012) �30�,
Swain et al. (2013) �31� CLEOPATRA/
TOC4129g
Phase III

Pertuzumab 840mg
loading dose, then 420
mg every 3weeks until
PD Trastuzumab
8mg/kg loading dose,
then 6mg/kg
every 3weeks until PD
Docetaxel 75mg/m2

every 3weeks for 6
cyclesc

402 100%
11.7%

54.0 �22–82� 19.3d (PFS)
29.7 (OS)

80.2e,f
(p� .001)g

18.5e
0.62
�0.51–0.75�
(p� .001)

NYR
0.66
�0.52–0.84�
(p� .0008)

Placebo 840mg loading
dose, then 420mg every
3weeks until PD
Trastuzumab 8mg/kg
loading dose,
then 6mg/kg every 3
weeks until PD
docetaxel 75mg/m2

every 3weeks
for 6 cyclesc

406 100%
10.1%

54.0 �27–89� 19.3d (PFS)
30.1 (OS)

69.3e,f 12.4e 37.6

Blackwell et al. (2012) �95�
Verma et al. (2012) �64, 65�
EMILIA
Phase III First-Line Subgroup

T-DM1 3.6mg/kg every
3weeks until PD

118 100%
100%

NA NA NA 10.8e
0.51
�0.30–0.85�

NYR
0.61
�0.32–1.16�

Lapatinib 1250mg/day
Capecitabine 1000mg/
m2 twice daily on days
1–14 every 3weeks
until PD

118 NA NA NA 5.7e 27.9

Pivot et al. (2012) �51� CEREBEL
Phase III
First-Line Subgroup

Trastuzumab 6mg/kg
Capecitabine 2500mg/
m2/day on days 1–14
every 3weeks

121 100%
NA

NA NA NA 8.9
1.61
�1.13–2.29�

NYR
1.89
�1.07–3.35�

Lapatinib 1,250mg/day
Capecitabine 2,000mg/
m2/day on days 1–14
every 3weeks

117 100%
NA

NA NA NA 6.2 22.7

Second-Line or Beyond

Pivot et al. (2012) �51�h CEREBEL
Phase III

Trastuzumab 6mg/kg
Capecitabine 2,500mg/
m2/day days
1–14 every 3weeks

269 45%
59%

56
�31–79�

NA 32 8.0
1.30
�1.04–1.64�
(p� .021)

27.3
1.34
�0.95–1.90�
(p� .095)

Lapatinib 1,250mg/day
Capecitabine 2,000
mg/m2/day on
days 1–14 every 3weeks

271 43%
62%

53
�27–83�

NA 27 6.6 22.7

Pivot et al. (2012) �51� CEREBEL
Phase III
Second-Line Subgroup

Trastuzumab 6mg/kg
Capecitabine 2,500mg/
m2/day on
days 1–14 every 3weeks

148 0%
NA

NA NA NA 6.9 24.0
1.09
�0.70–1.69�

Lapatinib 1,250mg/day
Capecitabine 2,000mg/
m2/day on days 1–14
every 3weeks

154 0%
NA

NA NA NA 7.2
1.11
�0.82–1.50�

23.1

(continued)
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to therapy with trastuzumab–docetaxel every three weeks
[59]. Results of the smaller E1105 trial (n � 96) observed a
similar lack of improvement inmedian PFS (11.1months vs.
12.2 months; HR � 0.65; 95% CI � 0.39–1.08; p � .10) (Ta-
ble 4) when bevacizumab (10 mg/kg every two weeks) was
added to a 24-week trastuzumab–paclitaxel-based induc-
tion regimen followed by trastuzumab plus bevacizumab

(15mg/kg every threeweeks)maintenance [60]. These find-
ings suggest that theadditionofbevacizumab toHER-2-directed
therapy does not confer any significant clinical benefit. There is
alsosignificantinterestinblockingthemammaliantargetofrapa-
mycin (mTOR) pathway, as it has been described as a key resis-
tancepathway forHER-2-directed therapies.Ongoing trials such
as the phase III BOLERO 1 and 3 trials [61, 62] will evaluate the

Table 3. (continued)

Trial Treatment arms n

Fraction first-line
and anti-HER-2
pretreated

Median age
(years)
[range]

Median follow-up
(months) [range] ORR (%) [95%CI]

Median PFS
(months)
HR [95%CI]

MedianOS
(months)
HR [95%CI]

Verma et al. (2012) �64, 65�
EMILIA
Phase III

T-DM1 3.6mg/kg every 3
weeks until PD

495 12%
100%

53
�25–84�

12.9 (ORR and
PFS)
19.1 (OS)

43.6i
�38.6–48.6�
(p� .001)

9.6e
0.65
�0.55–0.77�
(p� .001)

30.9
0.682
�0.55–0.85�
(p� .0006)

Lapatinib 1,250mg/day
Capecitabine 1,000mg/
m2 twice daily on days
1–14 every 3weeks until
PD

496 53
�24–83�

12.4 (ORR and
PFS)
18.6 (OS)

30.8i
�26.3–35.7�

6.4e 25.1

Blackwell et al. (2010, 2012)
�70, 71� EGF104900
Phase III

Lapatinib 1,000mg/day
Trastuzumab initial 4
mg/kg loading
dose, then 2mg/kg
weekly

148 NAj
100%

52
�26–81�

NAk 10.3 �3.4–12.3�
(p� .46)

2.6
0.74
�0.58–0.94�
(p� .011)l

14
0.74
�0.57–0.97�
(p� .026)l

Lapatinib 1500mg/daym 148 NAn
100%

51
�29–78�

NAk 6.9 �5.9–16.4� 1.9 9.5

a Crossover to lapatinibmonotherapywas allowed after progression.
bAs estimated fromKaplan-Meier curves.
cRecommendedminimumnumber of cycles.
dKaplan-Meier estimate.
e Independent assessment.
fResponse-evaluable population: pertuzumab–trastuzumab plus docetaxel, n� 343; placebo–trastuzumab plus docetaxel, n� 336.
gp value associatedwith difference in ORR.
hOverall outcomes consisting of amix of first and second-line (or beyond) patients;majority (56%) second-line.
iResponse-evaluable population: n� 389 for lapatinib plus capecitabine, n� 397 for T-DM1.
jPatients had received amedian of 4.5 prior chemotherapy regimens (all settings) and amedian of 3 prior trastuzumab regimens for advanced
breast cancer.
k Themedian length of time on studywas 12.8months for patients receiving trastuzumab plus lapatinib and 8.7months for patients treatedwith
lapatinib alone.
l Themain PFS andOS analyses included all randomly assigned patients with strata verified by data (n� 291), PFS andOS results from intent-to-
treat population (n� 296) were consistent with results frommain analyses.
mCrossover to the trastuzumab plus lapatinib armwas allowed after progression.
nPatients had received amedian of 4 prior chemotherapy regimens (all settings) and amedian of 3 prior trastuzumab regimens for advanced breast
cancer.
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not available; NYR, not yet reached; ORR, objective response rate; OS, overall survival;
PD, progressive disease; PFS, progression-free survival; T-DM1, trastuzumab entamsine.

Table 4. Phase III trials of biologic companions to HER-2-directed therapy in HER-2-positive advanced breast cancer

Trial Treatment arms n

Median age
(years)
[range�

Median follow-up
(months) [range�

ORR (%)
[95%CI�

Median PFS
(months)
HR [95%CI�

MedianOS (months)
HR [95%CI�

Gianni (2011, 2013) �59, 96�
AVEREL Phase III

Bevacizumab 15mg/kg every 3weeks
Trastuzumab 8mg/kg loading dose, then 6
mg/kg every 3weeks
Docetaxel 100mg/m2 every 3weeks until PD

216 53
�26–82�

26.0 74.3 16.5
0.82
�0.65–1.02�
(p� .0775)

38.5
1.01a
�0.74–1.38�
(p� .9543)

Trastuzumab 8mg/kg loading dose, then 6
mg/kg every 3weeks
Docetaxel 100mg/m2 every 3weeks until PD

208 55
�22–83�

25.8 69.9 13.7 38.3

Arteaga (2011) �60� E1105
Phase III

Bevacizumab 10mg/kg every 2weeks for 6
months, then 15mg/kg every 3weeks to PD
Trastuzumab 2mg/kg everyweek for 6
months then 6mg/kg every 3weeks to PD
Paclitaxel 80mg/m2 (with orwithout
carboplatin AUC� 2) days 1, 8, and 15 every
4weeks for 6months

48 55
�33–76�

30 52 12.2
0.65
�0.39–1.08�
(p� .10)

NAb

Placebo bevacizumab
Trastuzumab 2mg/kg everyweek for 6
months, then 6mg/kg every 3weeks to PD
Paclitaxel 80mg/m2 (with orwithout
carboplatin AUC� 2) days 1, 8, and 15 every
4weeks for 6months

48 55
�28–80�

30 52 11.1 NAb
1.23
�0.57–2.67�
(p� .60)

aUnstratified analysis of interim results.
bNumber of deaths, bevacizumab vs. placebo: 14 vs. 12.
Abbreviations: AUC, area under the curve; NA, not available; ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS,
progression-free survival.
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merits of adding the mTOR inhibitor, everolimus, to HER-2-di-
rected therapy inABC.

HER-2-Directed Therapy for HER-2-Positive ABC:
Second-Line and Beyond

HER-2-Directed Therapies
The international, open-label, phase III CEREBEL/EGF111438
trial evaluated lapatinib compared with trastuzumab in com-
binationwith capecitabine for the first- and second-line treat-
ment of HER-2-positive ABC. The trial randomly assigned 540
patients to oral lapatinib plus capecitabine (1,250 mg once
daily plus 1,000 mg/m2 twice daily on days 1–14, every three
weeks) or trastuzumabplus capecitabine (8mg/kg load then6
mg/kg every three weeks plus 1,250 mg/m2 twice daily on
days 1–14 every threeweeks) [51]. The primary endpointwas
incidenceof centralnervous systemfirstprogression. Second-
ary endpoints included investigator-assessed PFS, OS, and
safety. The incidence of central nervous systemmetastasis as
site of first progressionwas 3% for the lapatinib arm (n�251)
and 5% for the trastuzumab arm (n � 250; OR � 0.65; 95%
CI�0.26–1.63;p� .360 [not significant])withmedianPFS fa-
voring the trastuzumab combination (8.0 months vs. 6.6
months; HR � 1.3; 95% CI � 1.04–1.64; p � .021) (Table 3).
The PFS advantage was observed in trastuzumab-naive and
first-line treatment subgroups but not in those previously
treated for ABC (56%) or thosewho had received prior trastu-
zumab-based therapy (60%). A trend toward improved me-
dian OS (27.3 months vs. 22.7 months; HR � 1.34; 95% CI �
0.95–1.90;p� .095)was also observed. The incidence of seri-
ousAEsandAEs leading to treatmentdiscontinuationwas low
overall and comparable across treatment arms (trastuzumab
vs. lapatinibarms,17%vs.13%and13%vs.11%, respectively).
The most common grade 3/4 AE, palmar-plantar erythrodys-
esthesia, was more frequently observed in patients on the
trastuzumab arm than in those on the lapatinib arm (15% vs.
9%). Although the central nervous systemwas the site of first
progression in numerically fewer patients on the lapatinib
arm, the difference was not statistically significant. Observa-
tions of potential inferiority with lapatinib-containing regi-
mens from CEREBEL are generally consistent with those of
MA31 [50] andNEO-ALTTO [26].

HER-2-Antibody–Drug Conjugates
TDM1, anantibody–drug conjugatewithdemonstratedactiv-
ity in phase II trials [63],was evaluated in patientswithHER-2-
positive disease who were previously treated with
trastuzumab and taxane in the international, open-label,
phase III EMILIA trial. Trastuzumab emtansine (T-DM1) com-
bines the microtubule-inhibitor DM1with trastuzumab using
a stable linker. The trial compared treatment with T-DM1 to
treatment with lapatinib plus capecitabine for patients with
HER-2-positive ABC whowere previously treated with trastu-
zumab and a taxane [64]. A total of 991 patients were ran-
domly assigned to oral lapatinib (1,250 mg once daily) plus
capecitabine (1,000 mg/m2 twice daily on days 1–14 every
three weeks) or T-DM1 (3.6 mg/kg every three weeks) until
disease progression. Postprogression treatment crossover to
T-DM1was not permitted until final OS results were reported
in October 2012. The co-primary endpoints were indepen-
dently assessed PFS, OS, and safety. At a median follow-up of

approximately 13 months, T-DM1 was associated with a sig-
nificant improvement inmedian PFS comparedwith lapatinib
plus capecitabine (9.6months vs. 6.4months; HR�0.65; 95%
CI�0.55–0.77;p� .001) (Table3). This benefitwasobserved
across most clinically relevant subgroups, including patients
receiving prior systemic therapy for ABCwith or without tras-
tuzumab, those receiving earlier and later lines of therapy,
and those with hormone receptor-positive (HR � 0.72; 95%
CI � 0.58–0.91) (Table 1) and hormone receptor-negative
(HR � 0.56; 95% CI � 0.44–0.72) tumors. At a median fol-
low-up of approximately19 months, T-DM1 led to a signifi-
cantmedianOS gain of 5.8months comparedwith lapatinib
plus capecitabine (30.9 months vs. 25.1 months; HR �
0.682; 95% CI � 0.55–0.85; p � .0006) [65]. The frequency
of AEs leading to discontinuation of study drug was higher
on the lapatinib arm (10.7% vs. 5.9%) [65], as was the inci-
dence of grade 3/4 AEs (57.0% vs. 40.8%). The most com-
mon grade 3/4 AEs were diarrhea and palmar-plantar
erythrodysesthesia (20.7% vs. 1.6% and 16.4% vs. 0%, re-
spectively) on the lapatinib arm and thrombocytopenia
(0.2% vs. 12.9%) and elevated hepatic transaminases (as-
partate transaminase, 0.8% vs. 4.3%; alanine aminotrans-
ferase, 1.4% vs. 2.9%) on the T-DM1 arm [64]. The bleeding
event rate was higher with T-DM1 versus lapatinib plus
capecitabine, but grade 3/4 events were low in both arms
(29.8% vs. 15.8% and 1.4% vs. 0.8%, respectively). The me-
dian time to a decrease of five points or more in the Trial
Outcome Index-Physical/Functional/Breast composite
score of the Functional Assessment of Cancer Therapy–
Breast score was delayed in the T-DM1 group compared
with the lapatinib group (7.1 months vs. 4.6 months; HR �
0.80; 95% CI � 0.67–0.95; p � .012). This study confirms
that T-DM1 is effective and safe with less toxicity than the
lapatinib plus capecitabine combination. This regimen has
recently been approved for use by the Food and Drug Ad-
ministration in the United States [46, 66, 67]. The role of
T-DM1 in both earlier and subsequent lines of therapy will
be elucidated once the results of the MARIANNE and
TH3RESA trials are available [68, 69].

Dual HER-2 Blockade
The open-label, phase III EGF104900 trial evaluated lapatinib
alone or in combination with trastuzumab for patients with
HER-2-positive ABC progressing on prior trastuzumab-based
therapy [70, 71]. A total of 296 heavily pretreated patients re-
ceiving a median of three prior trastuzumab-based ABC regi-
mens (range: 0–13) were randomly assigned to oral lapatinib
alone (1,500mg daily), or lapatinib (1,000mg daily) with tras-
tuzumab (2 mg/kg every week after 4 mg/kg loading dose).
Crossover to the combination arm was permitted on disease
progression. The primary endpointwas investigator-assessed
PFS. At the time of the final efficacy analysis, patients on the
combination arm experienced significant improvements in
median PFS (2.6months vs. 1.9 months; HR� 0.74; 95% CI�
0.58–0.94;p� .011) (Table 3) andmedianOS (14months vs.
9.5months; HR� 0.74; 95%CI� 0.57–0.97; p� .026) com-
pared with those receiving single-agent lapatinib. In an ex-
ploratory analysis, a statistically significant OS advantage
for dual HER-2-directed therapy over lapatinib alone was
observed in the estrogen receptor-negative subgroup but
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not in the estrogen receptor-positive subgroup, and in pa-
tients who had received between one and three prior tras-
tuzumab therapies but not in patients who had received
four or more prior lines of trastuzumab. Treatment with
trastuzumab–lapatinib was associated with higher rates of
treatment discontinuation resulting from AEs compared
with lapatinib alone (11% vs. 6%) [70] as well as a higher
rate of serious AEs (26% vs. 16%) [71]. Ten patients in the
combination arm and three in the monotherapy arm met
the protocol-defined criteria for a serious cardiac event
[71]. Dual HER-2 blockade may be an appropriate treat-
ment option for patients with progressive HER-2-positive
ABC despite multiple lines (one–three) of prior HER-2-di-
rected therapy or for patients who cannot tolerate chemo-
therapy.

DISCUSSION

Optimal HER-2-Directed Therapy Sequencing
The optimal sequencing of HER-2-directed combinations in
ABC is a topic of considerable debate. For patients who have
both HER-2-positive and hormone receptor-positive disease,
the addition of HER-2-directed therapy to standard endo-
crine therapy has been associated withmodest gains in PFS
but no OS gains compared with endocrine monotherapy
[39 –41]. Endocrine HER-2-directed combination therapy
may therefore be recommended for patients with indolent
low-volume disease or for those unsuitable for chemother-
apy (Fig. 2) [72].

There remains a degree of uncertainty regarding optimal
first-line HER-2-directed chemotherapy combinations, as
most available data are limited to trastuzumab-naive popula-
tions, and the proportion of first-line patients presentingwith
prior adjuvant trastuzumab-taxane exposure is steadily in-
creasing [73,74].Given,however, theoverallmeritsof contin-
ued HER-2 blockade in ABC [16, 17, 51, 64, 65, 70, 71, 75–77],
useof first-lineHER-2-directedtherapy isconsideredstandard
practice regardless of prior trastuzumab exposure. Dual
HER-2 blockade with pertuzumab–trastuzumab in combina-
tion with docetaxel improves median OS in predominantly
trastuzumab-naive patients and trends toward improved PFS
in trastuzumab-pretreated patients [30, 31]. This approach is
therefore suggested for first-line disease regardless of prior
trastuzumabexposure, as long as there is a disease-free inter-
val of at least one year, per the inclusion criteria for the
CLEOPATRAstudy (Fig. 2). Thereare fewdatademonstratinga
benefit for dual-HER-2 inhibition in patients receiving prior
docetaxel andhavingdisease recurrencewithinoneyearafter

(neo)adjuvant therapy. For these patients, the use of TDM1,
which has demonstrated a benefit in the treatment of first-
line patients who have disease recurrence within six months
of prior trastuzumab [64, 65], or trastuzumab in combination
with a non-taxane alternative, either vinorelbine or capecit-
abine, is suggested.

In the second-line setting, the use of T-DM1, which im-
proved median OS compared with standard lapatinib plus
capecitabine therapy inHER-2-positive ABC, is recommended
[64, 65]. For patients who have disease progression on either
first- or second-line T-DM1, continued HER-2-blockade with
chemotherapy plus HER-2-directed therapy (e.g., vinorelbine
plus trastuzumab, capecitabine plus trastuzumab, or capecit-
abine plus lapatinib) should be considered. Finally, for those
whohaveprogressedoncapecitabineorvinorelbine incombi-
nation with a HER2-directed agent, treatment with trastu-
zumab–lapatinib can be considered, although use of this
regimen may be more beneficial in patients receiving fewer
than four lines of prior trastuzumab [71].

Central Nervous SystemMetastases
Recentmeta-analyses of randomized trastuzumab trials have
reported an increased risk for central nervous systemmetas-
tases as first onlyor general siteof relapse inpatientswhohad
relapse after receiving adjuvant trastuzumab compared with
chemotherapy alone [78–81]. Treatment with lapatinib and
capecitabine has been associated with a lower incidence of
central nervous systemmetastases comparedwith capecit-
abine alone [75]; however, recent findings of the CEREBEL
trial demonstrate no difference in the incidence of brain
metastasis as a first site of progression (3% vs. 5%; OR �
0.65; 95% CI � 0.26 –1.63; p � .360) between lapatinib–
capecitabine and trastuzumab–capecitabine therapy [51].

Surgery, stereotactic radiosurgery, andwhole brain radio-
therapy have important roles in the management of central
nervous system metastases for patients with HER-2-positive
ABC. Selection and proper timing of these therapies depends
on the extent of central nervous system disease, the status of
the systemic disease, and the availability of systemic treat-
mentoptions [82]. Ina small phase II, single-center trial forpa-
tients with HER-2-positive ABC with diffuse central nervous
system metastases not previously treated with whole brain
radiotherapy, lapatinib plus capecitabine was active (ORR,
65.9%) when administered as initial therapy [83], allowing
treatment of both central nervous system and extra-central
nervous system metastases and delaying whole brain radio-
therapy. Results from a planned randomized trial comparing
lapatinib plus capecitabine to whole brain radiotherapy are
awaited [83].

Cardiac Safety
Increased rates of cardiac dysfunction with the addition of
trastuzumab to chemotherapy comparedwith controls in ini-
tial HER-2-directed therapy trials have highlighted cardiac
safety as an important clinical issue in the management of
HER-2-positive BC [9, 84]. Despite initial concerns, relatively
lowratesofcardiotoxicity (grade3 leftventricular systolicdys-
function: 0%–2.8%) have been reported for standard or
emergingHER-2-directed therapies in theHER-2-positive ABC
setting [30, 50, 51, 64].

Dual HER-2 blockadewith pertuzumab–trastuzumab
in combination with docetaxel improves median OS
in predominantly trastuzumab-naive patients and
trends toward improved PFS in trastuzumab-pre-
treated patients [30, 31]. This approach is therefore
suggested for first-line disease regardless of prior
trastuzumab exposure, as long as there is a disease-
free interval of at least one year, per the inclusion cri-
teria for the CLEOPATRA study.
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Adequate cardiac monitoring remains an integral part of
cardiac safety. There is currently limited guidance available
from published guidelines and product monographs specifi-
cally addressing the cardiac monitoring of patients with HER-

2-positive ABC who are receiving HER-2-directed therapy. In
theabsenceofcomprehensiveguidelinesspecific forthissetting,
it is recommendedthatcardiac functiontesting (eitherwith two-
dimensional echocardiogramormultigated acquisition scan) be
performed prior to initiating HER-2-directed therapy. Serial car-
diacmonitoring isnot routinely requiredover thecourseofHER-
2-directedtherapyintheadvancedsettingbecausethebenefitof
anti-HER-2 therapy outweighs the low cardiac risk. However, if
there are clinical concerns related to symptoms or signs of car-
diac dysfunction or if there are plans to change treatment to an-

other HER-2-directed regimen, a cardiac assessment consisting
of cardiac function testing, alongwitha clinically relevantexami-
nation, is recommended. Should clinical congestive heart failure
be suspected or a significant decline in cardiac function from
baseline be noted, consultation with a cardiologist is recom-
mendedandHER-2-directedtherapyshouldbehelduntil cardiac
function isoptimized.

Correlative Data
Extensive correlative biomarker research has been under-
taken in both early and advanced settings to identify those
with HER-2-positive disease and subpopulations of those pa-
tients who would benefit preferentially from HER-2-directed
therapy. These include subgroups defined by levels of HER-2
expression or amplification (by immunohistochemistry or flu-
orescence in situ hybridization, respectively) [42, 75, 85, 86],
levels of HER-2 messenger RNA (mRNA) [87–89], levels of
HER-2 extracellular domain [75], levels of progesterone re-
ceptor, and c-myc levels [90]. Chromosome 17 polysomy [85,
86], phosphoinositide 3-kinase mutation, and phosphatase
and tensin homolog loss [91] have also been assessed for po-
tential to predict response to HER-2-directed treatment. Of
these, only a few have shown predictive value. Increased lev-
els of HER-2 mRNA have been associated with benefit from
neoadjuvant trastuzumab for patients with estrogen recep-
tor-positive disease [87–89], and c-myc amplification or neg-
ative progesterone receptor status predicts benefit from
neoadjuvant trastuzumab [90]. Recent biomarker analyses

There is currently limited guidance available from pub-
lished guidelines and product monographs specifically
addressingthecardiacmonitoringofpatientswithHER-
2-positive ABC who are receiving HER-2-directed ther-
apy. In the absence of comprehensive guidelines
specific for this setting, it is recommended that cardiac
function testing (either with two-dimensional echocar-
diogram or multigated acquisition scan) be performed
prior to initiatingHER-2-directed therapy.

Figure 2. Optimal HER-2–directed therapy sequencing for HER-2–positive ABC.
aTrastuzumab-lapatinibmay also be considered in earlier lines of treatment as a less toxic option for low-burden disease; for exam-

ple, after progression on T-DM1 but prior to chemotherapy-containing regimens.
Abbreviations: ABC, advancedbreast cancer; AI, aromatase inhibitor; CT, chemotherapy;HER-2, humanepidermal growth factor re-

ceptor 2; HR, hormone receptor; Lap, lapatinib; T-DM1, trastuzumab emtansine; Tras, trastuzumab.
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from the EMILIA study suggest that patients with tumors ex-
pressinghighHER-2mRNAlevelsderivedevengreaterOSben-
efit from T-DM1 [92]. Patients treated with lapatinib plus
capecitabinewith phosphoinositide 3-kinase catalytic subunit
alpha (PIK3CA)mutations had worse clinical outcomes than
those with wild-type PIK3CA, whereas those receiving treat-
mentwith T-DM1wereunaffectedbyPIK3CAmutation status
[92]. Although these findings may inform future trial design,
application in clinical practice is not supported. Analyses from
recent phase III trials of dual HER-2-directed regimens have
also failed to identify biomarkers able topredict thebenefit of
adding a secondHER-2-directed agent [27, 93, 94].

CONCLUSION
Continuedresearch intoHER-2-directedtherapyhas led to im-
portant clinical developments across all lines of treatment for
ABC,producingunprecedented improvements insurvival (Fig.
3). Median OS in first-line patients receiving dual HER-2-di-
rected therapy is�3.5 years [31]; for second-line patients re-
ceivingT-DM1,medianOS isapproximately2.5years [65]; and
for late-stage patients receiving lapatinib plus trastuzumab,
medianOS is 14months [71]. These discoveries, coupledwith
strategies still under investigation, promise to reshape the
landscape of HER-2-positive ABC, significantly improving the
lives of womenwith this once poor-prognosis disease.
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